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Table A-2. Summary of CSO discharges during October 1993-1994 study period (c).

_ Denny
Month Way (a) King (@) Conn. (a) Vine (b)
(W027)  (W028) (W029) (069)
Oct-93 4.26 0 0.01 0.14
Nov-93 31.16 1.89 0 0.24
Dec-93 105.98 6.58 0.14 0.52
Jan-94 2.5 0 0 0.2
Feb-94 108.3 5.4 0.33 0.37
Mar-94 19.85 0.21 0 0.21
Apr-94 1.86 0 0 0.24
May-94 0 0 0 0.1
Jun-94 13.74 0.97 0.05 0.13
Jul-94 0 0 0 0.12
Aug-94 0 0 0 0.02
Sep-94 0.3 0 0 01
Oct-94 34.04 3.37 1.47 0.14

Units: million gallons.

(a) Overflow volume measured by Metro.

(b) Volume estimated based on average annual overflow of 3.3 Mgal/yr as

reported in Brown and Caldwell (1988).

(c) No overflows predicted in CSOs 070, 071, and 072 because

measured precipitation did not exceed Design Storm 6.
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Table A-3. Estimated volumes discharged to Elliott Bay from waterfront sources.

D

Average Dischage (Mgal)

Average ' ' Average
Source Annual Total During Annual

Recent Study Period (d) Future
Duwamish River 343,500 222,500 343,500
CSOs
Denny Way 405 b 322 455 ¢
Vine 3.3 2.5 0.1 e
University 28 a 0 021 e
Madison 0.7 a 0 0.04 e
S. Washington 0.8 a 0 0.01 e
King 55 18 , 33 ¢
Connecticut 90 2 93 ¢
SDs \ »
SD-A 0.4 0 04 '
SD-B 1.7 0 1.7
SD-C 0.3 0 0.3
SD-D 11 3 11
SD-500 5 1.5 5
Industrial Discharges 6.8 7.4 6.8

a) Prior to partial separation projects completed in 1990s.

b) Average based on 1981-1983 base period (Romberg 1995 pers. comm.).

c) 1998 annualized baseline assuming West Point treatment plant capacity at
400 MGD (KCMS 1995). '

d) October 1993-October 1994.

References:
Metro CSOs: KCMS 1995. :
City CSOs: Brown and Caldwell 1988. ( )
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Table A-4. Rainfall Records for October 1993 to October 1994.

Sandpoint SeaTac
1993-1994  1951-1980 1993-1994  1951-1980

Average Average
Oct-93 1.61 3.4 1.54 3.43
Nov-93 2.76 5.36 2.2 5.6
Dec-93 6.23 6.29 4.48 6.33
Jan-94 242 5.94 2.51 6.14
Feb-94 4.26 42 4.47 4.22
Mar-94 2.45 3.7 3.17 3.59
Apr-94 2.82 2.46 2.27 24
May-94 1.22 1.66 1.43 1.58
Jun-94 1.52 1.53 1.25 1.38
Jul-94 1.36 0.89 0.28 0.74
Aug-94 0.20 1.38 0.16 1.27
Sep-94 1.14 2.03 1.69 2.02
Oct-94 3.51 3.4 3.22 3.43
Total 31.50 42.24 28.67 42.13

Rainfall in inches.

RAIN.XLS
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PIER 55

Pier 85 Is made of wood piling with sprinkier systems installed between the piling rows. The
piling are rows running in a north-south direction with 1-5 feet between piling and approximately
10 feet between piling rows. Large water pipes are hanging down 4-8 feet below the decking
and run in an east-west direction and will limit access during high tide. . Wave curtains are
located on several piling rows running in a north-south direction and extend down to the high
water mark. A large 10 foot by 10 foot wood box hangs below decking to the high water mark.
A 4 inch water or sewer pipe is located in the center of the pier and is busted with water eoming
out. At approximately 25-35 feet from the south edge of the pier, a 6 inch pipe is hanging down
2.5-3 feet below decking. Timbers at several points are nailed between piling and will block
access during high tides. :

_/
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PIER 54

The south edge of Pier 54 is a fire station with the two fire boats moored to a single floatmg slip
running in a east-west direction approximately 50-55 feet with restricted access on the ramp. The
general condition of the southern section of the pier is good, with the piling made of concrete
and spaced approximately 10-12 feet apart for easy access. The piling under the main section
of pier 54 is wood and is deteriorated, with several sections patched and new piling at random
locations. Sprinkler pipes are running north-south with the 4-8 inch supply lines running east-
west hanging down 3-4 feet below the decking, limiting access at high water. Wave barriers are
hanging down 5-6 feet and running in a north-south direction. The piling rows are approximately
9-10 feet apart with the spacing between the piling ranging from no clearance to 10 feet. Along
the bulkhead, a 30-36 inch storm drain dumps into the Sound, approximately 50 feet north of the
sheet pile at the north edge of pier 53. Several sewer and water lines active and nonactive are
hanging below the decking with access limited under the lines during high tide.
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PIER 46

Starting at approximately 500 feet south of the north face of pier 46, the pier is in excellent
.shape. It appears to have been recently constructed with both the piling and decking made of
concrete and the piling rows on approximately 20 foot centers and the piling approximately 5-6
feet apart. The decking is approximately 15-17 feet above MLLW aliowing good access during
high water. There is bumper pile on approximately 10 foot centers on the west face of the pier,
but a small boat can pass between the bumper pile and the structural piling rows easily. As you
move to the north along the west face of the pier, the bulk head also moves away from the face
with it making a sharp turn to the right, (East) at approximatelt 120 feet from the northwest corner
of the pier, figure 1. The general pattern of the pier continues the same as the west face as you
move around the northwest corner of the pier. At 250 feet from the northwest corner, the
concrete section of the pier is interfaced with wood piling on the northern edge of the pier. The
bumper piling are separated by 6-8 feet along the north face, with structural pile set inside the
bumper pile 12-18 inches that are only 24-36 inches apart, not allowing access from the north
face of the pier. The piling rows inside the pier are approximately 8 feet apart and are separated
by 12-18 inches apart in a north south direction not aliowing access going in an east west
direction. At approximately 50 feet south of the north face the wood pile is joined to the
continuation of the newer concrete section, with access very easy from the northwest end of the
pier.

In the wood section of the pier, sprinkler systems are installed -between every row of piling.
running north-south with 2 4-6 inch supply lines running east-west approximately 12-18 inches
above the high water mark. Wave barriers are placed in a north-south direction, approximately
80 feet apart. The barriers extend down from the decking 12-18 inches below the high water
mark.

The Washington State passenger ferry, "Skagit" is moored along side a 60-75 foot barge at the
north-east corner of pier 46. It appears the ferry is permanently moored there when not in
service. The "Golden Alaska’, a bottom dragger, is moored to the west of the state ferry along
the north edge of the pier. Logs are floating between the fishing vessel and the pier that appear
to be used for a stand-off for the fishing boat. '
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PIER 48

Pier 48 appears to be well maintained with a large fishing boat moored to the south edge of the
pier and a large fuel barge moored to the west end of the pier. An oil boom is encompassing
the fishing boat and extends inside the south edge of the pier approximately 30 feet, thus not
allowing easy access to run survey lines between the piling in a north-south direction. wave
barriers run in a north-south direction at approximately 77?7 foot intervals, going west to east.
The wave barriers extend down from the decking approximately 48-56 inches to the high water
mark. Sprinkler systems are instalied between every row of piling, running in a north-south
direction. The piling rows are approximately 8-10 feet apart running north-south, with the
individual piling separated 12-24 inches. Access between rows in an east-west direction can be
done at random points along the piling rows, but only at lower tides , as the wave barriers extend
down to the high water mark, approximately every 135 feet, as you move east west. The
sprinkler system is supplied by 4, 4-6 inch water pipes running in an.east-west direction
approximately 30-35 feet apart.

Access is limited along the north face, as the bumper pile are 5-6 feet apart, with another pile
between the bumper pile, at the north face, thus limiting access to the interior of the pier. At
the north-east end of the pier a large floating ramp is lying next to the pier limiting access to the
piling for approximately 75-80 feet out from the shoreline, figure 2.
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PIER 52,52A,53

The entire ferry dock structure seems to encompass three pier sections. The new section
appears to be the most southerly section with the older section on the north. Pier 52, appears
to be recently constructed, as the southern section is made of concrete pile and concrete
decking. Access is easily obtained when approaching from the south as the piling are
approximately 10 feet apart at the face, with slightly less than 10 feet as you move under the
decking. The interior piling are made up of a four pile structure as two of the four pile are at a
slight angle, to create lateral support, figure 3. At low tide access is somewhat limited as the
piling get closer together. At high tide access is still available, as the decking is 15-17 feet
above MLLW. Some utilities run in an east-west direction, less than 12-15 inches below the
decking. This access from the south is limited to only the pier 52 section, as the newer section
attaches to the old section, Pier 52A, the clearance under the decking and wave barriers is
restricted to low tide access only, as the wave barriers extend down to the high water mark. The
piling spacing, in the pier 52A section will allow movement between the piling rows as the
spacing is approximately 6-10 feet in both the east-west and north-south direction. Sprinklers
are installed between the wood piling rows with 4-6 inch water pipe running every 35-40 feet in
a east-west direction. The water supply lines are hanging down approximately 3 feet above the
high water mark. Both Pier 52A and Pier 53 are wood structures with the piling not evenly
spaced at the intersection points of the two piers. To gain access in the north-south direction
one must enter either form the north or the south, only at few spots can you go the full length
in a north-south line. Steel cables are hanging from the piling structures below the north and
south loading ramps limiting access under the ramps. At very low tides a small boat can gain
access under the cables. Access in an east-west direction can be done but only at lower tides
as again the wave barriers limit the clearance.

Two guide structures are currently active on the west side of the ferry slip, with the third under
construction to the south of the Bremerton ferry slip. A 30-35 by 45-55 foot floating qock is
located at the south-west corner of pier 52 and is used for the foot passenger ferry traffic.
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Figure A-3. Metro CSOs along the Seattle waterfront.
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Figure A-2. Storm drains along the Seattle waterfront.
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Appendix B-

Under-Pier Survey: Seattle Waterfront
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PIER 48

SOURCE: FIELD SURVEY
DATE: 28 MAR 95 . WATER MAIN WATER MAIN
TIME: 1330 HRS

ELEV. OF DECK 10 FT. :
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PIER CONSTRUCTION: WOOD

PIER CONDITION: GOOD I —=k
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PIER 52
—Cad O

SOURCE: FIELD SURVEY

DATE: 30 & 31 MAR 95

TIME: 0100-0500 HRS

PIER CONSTRUCTION: 52A AND 53 = WOOD
PIER 52 = CONCRETE

PIER CONDITION: GOOD

SPRINKLERS: THROUGHOUT WOOD CONSTRUCTION
PIPING/CONDUIT: THROUGHOUT

NORTH BOUNDARY
PIER 52

APPROX. LOCATION WATER MAIN
6" CONTINUING EVERY 35-40 FT.

NORTH BOUNDARY
PIER 52A

/- Draft Curtain
Between Pile

Pier 52A

Rows 10~-11
I
= Droft Curtain
] Between Pile
| Rows 19-20
|
|
Pier 52
|
|
!
PASSENGER
FERRY
LANDING
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1 ” H N
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PIER 54

SOURCE: FIELD SURVEY
DATE: 28 MAR 85

TIME: 1130 HRS
ELEV. OF DECK 12-14 FT.
© 1130 HRS.

PIER CONSTRUCTION: WOOD

PIER CONDITION: ROTTING TIMBERS ON OUTER ROWS

OTHERWISE GOOD CONDITION NOTED
SPRINKLERS: THROUGHQUT—EACH ROW
PIPING /CONDUIT: RANDOM—THROUGHOUT

CONCRETE PADS
THROUGHOUT SUPPORTED
BY METAL CASED PILINGS

CURTAIN WALL \

LADDER

SPACE BETWEEN
PIERS RANGES
FROM 8-10"

FIRST 8 ROWS ARE
SPACED APPROX.
2-3' RANDOM AND
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3-~5' SPACING
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PIER 55

SOURCE: FIELD SURVEY
DATE: 28 MAR 95

TIME: 1230 HRS

ELEV. OF DECK 5-6 FT.

© 1230 HRS. Q
PIER” CONSTRUCTION: WOOD ‘eg,\*
PIER CONDITION: GOOD-FAIR '
SPRINKLERS: THROUGHOUT — EACH ROW 6\)\'
PIPING/CONDUIT: THROUGHOUT ~ RANDOM
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PIER 56

Pier 56 is a wood pler with sprinkler pipes running between piling rows. The sprinkler system
is serviced with 4-6 inch feeder lines running in a east west direction and is approximately 18-20
inches below decking. A wave barrier is located 30 feet east of the pier head, running in a north-
south direction and extends down from the decking approximately 5-G feet. Another wave barrier
is located approximately 60 feet from the pier face and extends down from the decking
approximately 5 feet. Near the north end of the walkway, between piers 55-56, several cross
braces will block access during any stage of the tide. Under the walkway between piers 55-56
the spacing between the piling is 10-15 feet and makes for easy access. A wave barrier is
located along a short section of the piles, 14-15 feet long, in under the walkway, and is running
north-south. This wave barrier extends approximately 6 feet below the decking. Near the
bulkhead under pier 56, cross bracing and utility pipes make access very difficult, both in the
north-south and east-west direction. Some of the utilities are running east-west extending west
towards the pier terminus and hung down very close to the high water mark. Close to the
bulkhead a 4-6 inch pipe is lying in a wooden trough and extends down below the decking to
the high water mark and runs in an east-west direction biocking north-south access.
Approximately 75 feet west of the bulkhead a wave barrier extends down from the decking and
runs along a piling row in a north-south direction.
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PIER 56

SOURCE: FIELD SURVEY
DATE: 28 MAR 95
TIME: 1330 HRS

ELEV. OF DECK 10 FT.
@ 1330 HRS.

PIER CONSTRUCTION: WOOD

PIER CONDITION: GOOD

SPRINKLERS: THROUGHOUT—EACH ROW
PIPING/CONDUIT: THROUGHOUT
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PIER 57

Some construction is being performed on the western end of the pier. A containment oil boom
is surrounding the entire pier and is secured to the bulkhead at both the north and south side
of the pier/bulkhead contact point. The piling rows are some what parallel to the west face of
the pier running in a north-south direction, but become soméwhat random at approximately 75-
100 feet east of the face. Access is very difficult in this 75-100 section. Piling are driven in at
an angle along the south face to provide some lateral support but many of these piling have
broken off and are not secured to any thing. A passenger float, approximately 100 by 20 feet,
is secured to the south center section of the pier and is used for loading tours of the Seattle
water front. A ramp is connecting the pier and float and is used for passenger access. At
approximately 200 feet east of the pier west face, the entire pier structure changes under the
decking. The configuration of the piling rows change to a east west direction with the timbers
on the piling 2-3 feet below the decking, making passage very difficult in a north south direction.
The distance between the piling is 0.5-1.5 feet with wave barriers and large timbers making
passage in all directions very difficult. Near the sea wall and out 15-25 feet, utility pipes are
hanging down 18-24 inches, which is very close to high water mark. Steam lines are exhausting
under the pier near the center of the pier next to the sea wall. Near the sea wall, a lot of cross
bracing and timbers are attached between piling. At approximately 60 feet north of the south
face, the newer piling are supporting a new section on pier that is built into a circular walk way
that is attached to pier 59 and the aquarium. Access under the newer section of pier 57 is very
good at high water and is easily reached by a small boat.
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PIER 57

SOURCE: FIELD SURVEY
DATE: 28 MAR 95

TIME: 1330 HRS

ELEV. OF DECK 10 FT.

@ 1330 HRS.

PIER CONSTRUCTION: WOOD
PIER CONDITION: POOR
SPRINKLERS: THROUGHOUT-EACH ROW
PIPING/CONDUIT: THROUGHOUT
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PIER 58-59

Pier 57 is connected to 58-58 by a walkway built out over the water. The piling under the walk
way are approximately 10-15 feet apart allowing good access under this section of pier 58-59.
At the western end of pier 59 it appears the piling is in poor condition as it has may cross braces
and timbers attached across from piling to piling and several piling have a large cap on them
made of concrete. The piling rows run in a north-south direction with the rows approximately
6-8 feet apart, and the piling spaced 2-5 feet apart. The entire structure under the decking is
inter-connected with water pipes both for water discharge and sprinkier pipes as well as pipes
plumbed for sea water intakes for the aquarium. Some large pipes, 10-12 inches on the western
end of the pier are hanging below the decking 2-2.5 feet. Several of the 4-8 inch sprinkler pipe
are hanging almost to the high water mark, which will not allow access under the pier during
moderately high tides. At approximately 80-100 feet in from the east edge of the pier, a wave

barrier run north-south along a row of piling. At approximately 150-175 feet in from the westend -

of the pier, two large wood box structures, about 10 foot square, are hanging down from the
decking. The structures have some sort of fencing around them, which extends into the water
at mid tide. At approximately 100 feet in from the west edge of the pier, another wave barrier
extends to the high water line with a cat walk along side the barrier running in a north-south
direction. ‘On the older section of the pier, as seen on the figure, there is a lot of timbers across
piling in both the north-south and east-west direction making access difficult to move through
that section of the pier. On the northern section of the pier, a large concrete structure, as shown
on the figure, extends to the seafloor, around the concrete base some sections cantilever out
from the center concrete structure and some block access at low tides. In the newer section of
the pier access is good although the piling run in a circular pattern in the center with rows of
piling difficult to make out.
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PIER 59 -

10~-12" DISTANCE 3ETWEEN fet e
WATER AND PIPING « e e e e o s e

FLOAT

PILINGS ’ « e s e s e e o
8-10" APART
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LARGE CONCRETE STRUCTURE
SOME SECTIONS REACHING THE SEAFLOOR,
OTHERS EXTEND 3-5 FEET BELOW HIGH WATER

OPEN DECK

o

“\O_bmx SECTION OF PIER

CURTAIN WALL

SOURCE: FIELD SURVEY

DATE: 28 MAR 95

TIME: 1500 HRS

ELEV. OF DECK 10 FT.

© 1508 HRS.

PIER CONSTRUCTION: WOOD AND CONCRETE
W/METAL CASINGS CVER PILINGS

PIER CONDITION: GOOD

SPRINKLERS: THROUGHOUT

PIPING/CONDUIT: VARIOUS/RANDOM RANGES
FROM 12" PVC TO 2" WATER PIPES
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ELLIOTT BAY WATERFRONT RECONTAMINATION STUDY
PROPELLER SCOUR OF REMEDIAL CAP

Sensitivity Test 3
24 July 1995 )
Dutch model based on Blaauw and van de Kaa (1978) and Verhey (1983).

Vessel type RV Ferry RV Ferry RV Ferry
Number of propellers 1 1 1
Propeller diameter, ft. (D) 8 8 8
Propelier speed, rpm (n) 250 250 250
Water depth, ft (h) 38 35 33
Shaft depth, ft. (s) 7 7 7
Shatft elevation, ft. (2) 31 28 26
Effective diamater, ft (Do) 5.66 5.66 5.66
Thrust coefficient (K) 0.35 0.35 0.35
Distance, ft (x) 100 150 200
Sediment size, mm (d50) 0.4 0.4 0.4
Gravitational acceleration, cm/sec2 (g) - 980 980 980
Sediment density, kg/m3 (ps) 2650 2650 2650
Water density, kg/m3 (pw) 1022 1022 1022
Eflux velocity, cm/sec (Vo) 962 962 = 962
Axial velocity, cm/sec (Vxo) 151 101 76
Bottom velocity, cm/sec (Vxz) 34 59 58
Froude number (F) 4.34 7.45 7.37
Scour, ft. (S) 0.1 0.4 0.4

RV Ferry
1
8
250
32
7
25
5.66
0.35
300
0.4
980
2650
1022
962
50
45
5.73
0.2

RVFerry RV Ferry

1
8
250
28
7
21
5.66
0.35
400
0.4
980
2650
1022
962
38
36
4.58
0.2

1
8
250
26
7
19
5.66
0.35
450
0.4
980

-~ 2650

1022
962
34
33
4.13
0.1



ELLIOTT BAY WATERFRONT RECONTAMINATION STUDY
PROPELLER SCOUR OF REMEDIAL CAP

Qperations Area 1
Normal Oporations and water level at Low Tide (MLLW).
Dutch model (Blaauw and van de Kaa, 1978; Verhey, 1983) used for all propellers.

Ship type Tug Tug Tug Tug Tug Tug
Number of propellers 1 1 1 1 1 1
Propaller diamatar (D), # ] & € -] -] -]
Shaft depth (s), ft. 5 5 5 S 5 5
Thrust coaefficient (K) 0.35 0.35 0.35 0.35 0.35 0.35
Shaft speed (n), RPM 60 60 60 60 60
Water depth (h), ft. 34 35 35 8 46 &5
Shatt elevation (2), ft. 20 30 30 3 4 50
Distance behind prop (X), ft. 100 165 200 300 400 500
Mean grain size (d50), mm, 0.4 0.4 0.4 0.4 04 0.4
Effective propeller diameter (Do), ft. 4.24 . 4.24 4,24 4,24 4.24 4.24
Propeller effiux velocity (Vo), cm/sec. 173 173 173 173 173 173
Prop axis velocity (Vxo), cm/sec, 16 9 8 5 4 k]
Bottom velocity (Vxz), cm/sec. S 8 5 4 3 2
Densimetric Froude number (F) 0.57 0.72 0.69 0.53 039 0.30
Maximum scour depth (S), ft. 0.0 0.0 0.0 0.0 0.0 0.0
Ship type Trawler  Trawler  Trawler  Trawler  Trawler  Trawler
Number of propeliers 1 1 1 1 1 1
Propelter diameter (D), ft. 14 14 14 14 14 14
Shaft depth (s), ft. 12 12 12 12 12 12
Thrust coefficient (K) 035 0.35 0.35 0.35 0.35 0.35
Shaft speed (n), RPM 60 60 60 60 60 60
Water depth (h), ft. 35 35 a5 48 57 72
Shaft elevation (2), ft. <3 <) 2 a6 45 60
Distance behind prop (X), ft. 100 125 200 300 400 500
Mean grain size (d50), mm. 0.4 0.4 0.4 0.4 04 04
Effective propeller diameter (Do), ft. 9.90 9.90 9.90 9.80 8.90 9.90
Propeller effiux velocity (Vo), cm/sec. 404 404 404 404 404 404
Prop axis velocity (Vxo), cm/sec. 98 76 46 29 21 17
Bottom velocity (Vx2), cm/sec. 43 45 a7 23 17 13
Densimetric Froude number (F) 5.46 574 470 2.96 221 1.69
C ‘\‘\ Maximum scour depth (S), ft, 1.1 13 0.7 0.1 0.0 0.0
J
- Ship type Tyee Tyee Tyee Tyee Tyee Tyee
Number of propellers 2 2 2 2 2 2
Propelier diameter (D), ft. 3.6 X 36 36 386 36
Shatt depth (s), f. s 5 5 5 5 5
Thruet cootficiant (K) 0.35 0.2 0.38 0.05 0.5 0.35
Shatt speed (n), RPM 360 360 360 360 360 360
Water depth (h), ft. 34 35 a5 35 42 53
Shatt elevation (2), ft. -] 30 30 30 7 48
Distance behind prop (X), ft. 100 200 300 320 400 500
Mean grain size (d50), mm. 0.4 0.4 0.4 04 0.4 0.4
Effective propeller diameter (Do), ft. 255 255 255 2,55 255 255
Propeller efflux velocity (Vo), cm/sec. 623 [-7<] 823 623 623 623
Prop axis velocity (Vxo), cm/sec, 44 22 15 14 11 9
Bottom velocity (Vxz), cm/sec, 12 16 13 12 10 8
Densimetric Froude number (F) 152 1.97 158 1.52 1.22 0.97
Maximum scour depth (S}, ft. 0.0 0.0 0.0 0.0 0.0 0.0
Ship type USNS Ship USNS Ship USNS Ship USNS Ship USNS Ship USNS Ship
Number of propeilers 2 2 2 2 2 2
Propeller diameter (D), ft. 15 15 15 15 15 15
Shaft depth (s), ft. 20 20 2 20 20 20
Thrust coefficient (K) 035 035 0.35 0.35 0.35 035
Shaft speed (n), RPM 50 50 50 50 50 ' 50
Water depth (h), &t. 78 <90 105 119 120 150
Shaft elevation (2), ft. 58 70 85 99 100 130
Distance behind prop (X), ft. 100 200 300 395 400 500
Mean grain size (d50), mm. 0.4 0.4 0.4 0.4 0.4 04
Effective propeller diamater (Do), ft. 10.61 10.61 10.61 10.61 10.61 10.61
Propelier efflux velocity (Vo), cm/sec. 361 361 361 361 361 361
Prop axis velocity (Vxo), cm/sec. 173 114 20 76 75 66
Bottom velocity (Vxz), cm/sec. 1 17 26 2 2 23
Densimetric Froude number (F) 0.12 2.19 3.29 3.65 3.64 294
Maximum scour depth (S), ft. 0.0 0.0 0.0 0.0 0.0 0.0
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ELLIOTT BAY WATERFRONT RECONTAMINATION STUDY
PROPELLER SCOUR OF REMEDIAL CAP

Operations Area 2
Ngrmal Operations and water level at Low Tide (MLLW).
Dutch model (Blaauw and van de Kaa, 1978; Verhey, 1983) used for all propellers.

Ship type Trawler Trawler Trawler Trawler Trawler Trawler
Number of propeliers 1 1 1 1 1 1
Propelier diameter (D), ft. 14 14 ) 14 14 14 14
Shaft depth (s), ft. 12 12 ) 12 12 12 12
Thrust coefficient (K) 0.35 0.35 0.35 0.35 0.35 0.35
Shaft speed (n), RPM 60 : 60 60 60 60 60
Water depth (h), ft. 34 34 38 44 - 51 61
Shaft elevation (2), ft. 22 22 26 32 39 49
Distance behind prop (X), ft. 100 125 200 300 400 . 500
Mean grain size (d50), mm. 0.4 0.4 0.4 0.4 0.4 0.4
Effective propelier diameter (Do), ft. 9.90 9.90 9.90 9.90 9.90 9.90
Propeller efflux velocity (Vo), cm/sec. 404 404 404 404 404 404
Prop axis velocity (Vxo0), cm/sec. 98 76 46 29 21 17
Bottom velocity (Vxz), cm/sec. 46 47 35 24 18 14
Densimetric Froude number (F) 5.86 6.00 4.44 3.10 2.32 1.81
Maximum soour depth (€), ft. 1.5 1.6 0.5 o.t 0.0 0.0
Ship type Tyee Tyee Tyee Tyee Tyee Tyee
Number of propeilers 2 2 2 2 2 2
Propeller diameter (D), ft. 3.6 3.6 3.6 3.6 3.6 3.6
Shatft depth (s), ft. 5 5 5 5 5 5
Thrust coefficient (K) 0.35 0.35 0.35 0.35 0.35 0.35
Shaft speed (n), RPM 360 360 360 360 360 360
Water depth (h), . 30 40 44 44 40 13
Shatft elevation (2), ft. 25 35 39 39 44 50
Distance behind prop (X), ft. 100 200 300 313 400 500
Mean grain size (d50), mm, 0.4 0.4 0.4 0.4 04 0.4
Effective propeller diameter (Do), ft. 255 2.55 285 2 55 255 255
Propeller effilux velocity (Vo), cm/sec. 623 623 623 623 623 ) 623
Prop axis velocity (Vxo), cm/sec. 44 22 15 14 11 9
Bottom velocity (Vxz), cm/sec. 17 14 11 11 9 8
Densimetric Froude number (F) 2.13 1.74 1.43 1.40 1.16 0.96
Maximum scour depth (S), ft. 0.0 0.0 0.0 0.0 0.0 0.0
Ship type Royal Victorian Royal Victorian Roya! Victorian Royal Victorian Royal Victorian Royal Victorian
Number of propellers 2 2 2 2 2 2
Propeller diameter (D), ft. 8 8 8 8 8 8
Shaft depth (s), ft. 7 7 7 7 7 7
Thrust coefficient (K) 0.35 0.35 0.35 0.35 0.35 0.35
Shaft speed (n), RPM 100 100 100 100 100 100
Water depth (h), ft. 49 59 67 71 74 81
Shaft elevation (2), ft. 42 52 60 64 67 74
Distance behind prop (X), ft. 100 200 300 365 400 500
Mean grain size (d50), mm. 0.4 0.4 0.4 0.4 0.4 0.4
Effective propeller diameter (Do), ft. 5.66 5.66 5.66 5.66 5.66 5.66
Propeller efflux velocity (Vo), cm/sec. 385 385 385 385 385 385
Prop axis velocity (Vxo), cm/sec. 127 84 66 58 55 48
Bottom velocity (Vx2), cm/sec. 8 29 35 36 36 34
Densimetric Froude number (F) 1.06 3.73 4.48 4.59 453 4.36
Maximum scour depth (S), ft. 0.0 0.0 0.0 0.0 0.0 0.0
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ELLIOTT BAY WATERFRONT RECONTAMINATION STUDY
PROPELLER SCOUR OF REMEDIAL CAP

Operations Area 5

Normal Operations and water level at Low Tide (MLLW).

Dutch model (Blaauw and van de Kaa, 1978; Verhey, 1983) used for all propellers.

Ship type

Number of propeliers
Propeller diameter (D), ft.
Shaft depth (s), ft.

Thrust coefficient (K)

Shaft speed (n), RPM
Water depth (h), ft.

Shaft elevation (2), ft.
Distance behind prop (X), ft.
Mean grain size (d50), mm.
Effective propelier diameter (Do), ft.

Propeller efflux velocity (Vo), cm/sec.

Prop axis velocity (Vxo), cm/sec.
Bottom velocity (Vxz), cm/sec.
Densimetric Froude number (F)
Maximum scour depth (S), ft.

Ship type .
Number of propellers
Propeller diameter (D), ft.
Shaft depth (s), ft.

Thrust coefficient (K)

Shaft speed (n), RPM
Water depth (h), ft.

Shaft elevation (Z), ft.
Distance behind prop (X), ft.
Mean grain size (d50), mm.
Effective propeller diameter (Do), ft.

Propeller efflux velocity (Vo), cm/sec.

Prop axis velocity (Vxo), cm/sec.
Bottom velocity (Vxz), cm/sec.
Densimetric Froude number (F)
Maximum scour depth (S), ft.
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Spirit of Seattle

Good Times
2
3.7
3
0.35
180
26
23
50
0.4
2.62
320
101

0.49
0.0

Spirit of Seattle

59
7.48
0.2

Good Times

Spirit of Seattle
2
4.7
4
0.35
180
18
14
150
0.4
3.32
407
76
67
8.46
0.4

Good Times

Spirit of Seattle
2
47
4
0.35
180
12
8
200
04
3.32
407
64
63
7.94
1.0

Good Times



ELLIOTT BAY WATERFRONT RECONTAMINATION STUDY
PROPELLER SCOUR OF REMEDIAL CAP

Operations Area 4
Normal Operations and water level at Low Tide (MLLW).
Dutch model (Blaauw and van de Kaa, 1978; Verhey, 1983) used for all propellers.

Ship type Chief Seattle Chief Seattle Chief Seattle Chief Seattle
Number of propeliers 3 3 3 3
Propelier diameter (D), ft. 3.5 3.5 3.5 35
Shaft depth (s), ft. 3 3 3 3
Thrust coefficient (K) 0.35 0.35 0.35 0.35
Shaft speed (n), RPM 180 180 180 180
Water depth (h), ft. 22 21 15 ' 10
Shatft elevation (2), ft. , 19 18 12 7
Distance behind prop (X), ft. 25 50 75 100
Mean grain size (d50), mm. 0.4 0.4 0.4 0.4
Effective propeller diameter (Do), ft. 2.47 2.47 2.47 2.47
Propeller efflux velocity (Vo), cm/sec. 303 303 303 303
Prop axis velocity (Vxo), cm/sec. 140 92 72 61
Bottom velocity (Vxz), cm/sec. 0 12 49 56
Densimetric Froude number (F) 0.00 1.58 6.16 7.14
Maximum scour depth (S), ft. 0.0 0.0 0.1 0.4
Ship type Alki Alki Alki Alki
Number of propellers 2 2 2 2
Propeller diameter (D), ft. 4 4 4 4
Shaft depth (s), ft. 3 3 3 3
Thrust coefficient (K) 0.35 0.35 0.35 0.35
Shatft speed (n), RPM 180 180 180 180
Water depth (h), ft. 22 21 18 10
Shatt elevation (2), ft. 19 18 12 7
Distance behind prop (X), ft. 25 50 75 100
Mean grain size (d50), mm. 0.4 0.4 0.4 0.4
Effective propeller diameter (Do), ft. 2.83 2.83 2.83 2.83
Propeller efflux velocity (Vo), cm/sec. 346 346 346 346
Prop axis velocity (Vxo), cm/sec. 173 114 89 75
Bottom velocity (Vxz), cm/sec. 0 15 60 70
Densimetric Froude number (F) 0.00 1.96 7.63 8.84
Maximum scour depth (S), ft. 0.0 00 0.3 1.1
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ELLIOTT BAY WATERFRONT RECONTAMINATION STUDY

PROPELLER SCOUR OF REMEDIAL CAP

Operations Area 3

Washington State Super Ferry Operations at Low Tide (MLLW),

Dutch model (Blaauw and van de Kaa, 1978; Verhey, 1983) used for all propellers.

Ship type
- Number of propeliers
Propeller diameter (D), ft.
Shaft depth (), ft.

Thrust coefficient (K)

Shaft speed (n), RPM
Water depth (h), ft.

Shaft elevation (2), ft.
Distance behind prop (X), ft.
Mean grain size (d50), mm.
Effective propeller diameter (Do), ft.

Propelier efflux velocity (Vo), cm/sec.

Prop axis velocity {(Vxo), cm/sec.
Bottom velocity (Vxz), cm/sec.
Densimetric Froude number (F)
Maximum scour depth (S), Tt

Ship type

Number of propellers
Propeller diameter (D), ft.
Shatft depth (s), ft.

Thrust coefficient (K)

Shaft speed (n), RPM
Water depth (h), ft.

Shatt elevation (Z), ft.
Distance behind prop (X), ft.
Mean grain size (d50), mm.
Effective propeller diameter (Do), ft.

Propeller efflux velocity (Vo), cm/sec.

Prop axis velocity (Vxo), cm/sec.
Bottom velocity (Vxz), cm/sec.
Densimetric Froude number (F)
Maximum scour depth (S), ft.

1 August 1995

Idle
1
12
12
0.35
50
34
22
50
0.4
8.49
289
126
6
0.81
0.0

Normal
1
12
12
0.35
140
34
22
50
0.4
8.49
808
353
18
2.26
0.1

Idle
1
12
12
0.35
50
33
21
100
0.4
8.49
289
59
30
3.77
0.3

Normal

1
12
12

0.35
140
33
21

100
0.4

8.49
808
165
83
10.57
5.7

Idle
E
12
12
0.35
50
32
20
120
0.4
8.49
289
48
31
3.97
0.4

Normal
1
12
12
0.35
140
32
20
120
0.4
8.49
808

135

88
1112
7.2

Idle
1
12
12
0.35
‘50
30
18
200
0.4
8.49
289
27
24
3.07
0.2

Normal

1
12
12

0.35

140
30
18

200
0.4

8.49

808
77
68

8.59
4.2

Idie
1
12
12
0.35
50

. 25

13
300
0.4
8.49
289

18

17
2.16
0.1

Normal

1
12
12

0.35
140
25
13
300
0.4
8.49
808
49

6.05
2.8

Idie
1
12
12
0.35
50
18
6
400
0.4
8.49
289
13
13
1.62
0.3

Normal

1
12
12

0.35
140
18
6
400
0.4
8.49
808
36
36
4.53
5.2



ELLIOTT BAY WATERFRONT RECONTAMINATION STUDY
PROPELLER SCOUR OF REMEDIAL CAP

Operations Area 6
Normal Operations and water level at Low Tide (MLLW).
Dutch model (Blaauw and van de Kaa, 1978; Verhey, 1983) used for all propeliers.

Ship type Sightseer  Sightseer  Sightseer  Sightseer
Number of propellers 1 1 1 1
Propeller diameter (D), ft. 3.7 3.7 3.7 3.7
Shaft depth (s). ft. 3 3 3 3
Thrust coefficient (K) 0.35 0.35 0.35 0.35
Shaft speed (n), RPM 180 180 180 180
Water depth (h), ft. 23 21 20 18
Shaft elevation (2), ft. 20 ' 18 17 15
Distance behind prop (X), ft. 25 50 : 75 100
Mean grain size (d50), mm. 0.4 04 0.4 0.4
Effective propeller diameter (Do), ft. 2.62 2.62 2.62 2.62
Propeller efflux velocity (Vo), cm/sec. 320 320 320 320
Prop axis velocity (Vxo), cm/sec. 82 38 25 18
Bottom velocity (Vxz), cm/sec. 0 5 11 13
Densimetric Froude number (F) 0.00 0.66 1.41 .1.60
Maximum scour depth (S), ft. 0.0 0.0 0.0 0.0
Ship type Fishing Boat Fishing Boat Fishing Boat Fishing Boat
Number of propellers 1 1 1 1
Propeller diameter (D), ft. 3 3 3 3
Shaft depth (s), ft. 3 3 3 3
Thrust coefficient (K) 0.35 0.35 0.35 0.35
Shaft speed (n), RPM 300 300 300 300
Water depth (h), ft. 10 9 6 4
Shaft elevation (2), ft. 7 6 3 1
Distance behind prop (X), ft. 25 50 75 100
Mean grain size (d50), mm. " 0.4 0.4 0.4 0.4
Effective propeller diameter (Do), ft. 2.12 2.12 2.12 2.12
Propeller efflux velocity (Vo), cm/sec. 433 433 433 433
Prop axis velocity (Vxo), cm/sec. 88 41 26 19
Bottom velocity (Vxz), cm/sec. 26 33 26 19
Densimetric Froude number (F) 3.33 418 3.26 2.43
Maximum scour depth (S), ft. 0.0 0.1 0.1 05
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Sightseer Sightseer

1
3.7
3
0.35
180
11

150
0.4
2.62
320
11
11
1.39
0.0

1

3.7

3
0.35
180

200
0.4
2.62
320

1.05
0.0



ELLIOTT BAY WATERFRONT RECONTAMINATION STUDY
PROPELLER SCOUR OF REMEDIAL CAP

Operations Area 2

Normal operations going astern and water level at Low Tide (MLLW).
Dutch modet (Blaauw and van de Kaa, 1978; Verhey, 1983) used for all propellers.

Ship type

Number of propellers
Propeller diameter (D), ft.
Shaft depth (s), ft.

Thrust coefficient (K)

Shaft speed (n), RPM

Water depth (h), ft.

Shaft elevation (2), ft.
Distance behind prop (X), ft.
Mean grain size (d50), mm.’
Effective propeller diameter (Do), ft.

Propeller efflux velocity (Vo), cm/sec.

Prop axis velocity (Vxo), cm/sec.
Bottom velocity (Vxz), cm/sec.
Densimetric Froude number (F)
Maximum scour depth (S), ft.

Ship type

Number of propellers
Propeller diameter (D), ft.
Shaft depth (s), ft.

Thrust coefficient (K)

Shaft speed (n), RPM

Water depth (h), ft.

Shaft elevation (2), ft.
Distance behind prop (X), ft.
Mean grain size (d50), mm.
Effective propeller diameter (Do), ft.

Propeller efflux velocity (Vo), cm/sec.

Prop axis velocity (Vxo), cm/sec.
Bottom velocity (Vxz), cm/sec.
Densimetric Froude number (F)
Maximum scour depth (S), ft.

1 August 1995

Bowthruster Bowthruster Bowthruster
1 1 1
6 6 6
5.8 5.8 5.8
0.35 0.35 - 035
120 120 120
32 32 30
26.2 26.2 24.2
25 50 75
04 0.4 04
4.24 4.24 4,24
346 346 346
163 82 54
0 B 11
0.00 0.15 1.38
0.0 0.0 0.0

Royal Victorian Royal Victorian Royal! Victorian

2 2 2
8 8 8
7 7 7
0.35 0.35 0.35
100 100 100
38 33 32
31 26 25
100 200 300
0.4 04 0.4
5.66 5.66 5.66
385 385 385
127 . 84 66
29 64 59
3.64 8.16 7.46
0.0 0.5 0.5

Bowthruster

g
6
5.8
0.35
120
18
12.2
100
04
4.24
346
41
32
411
0.1

Royal Victorian

2
8
7
0.35
100
28
21
400
0.4
5.66
385
55

6.69
0.5

Bowthruster

1
6
5.8
035
120

1.2
180
0.4
4.24
346
27
27
3.44
6.7

Royal Victorian D

2
8
7
0.35
100
26
19
450
0.4
5.66
385
51
50
6.33
0.5
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Appendix C- Scour Potential Model Results
Scour Model Results

Sensitivity Analysis Results



ELLIOTT BAY WATERFRONT RECONTAMINATION STUDY
PROPELLER SCOUR OF REMEDIAL CAP

Sensitivity Test 4
24 July 1996

Dutch model based on Blaauw and van de Kaa (1978) and Verhey (1983).

Vessel type RVFerry RVFerry RVFerry RVFerry RV Ferry
Number of propellers 1 1 1 1 1
Propeller diameter, ft. (D) 8 8 8 8 8
Propeller speed, rpm (n) 250 250 250 250 250
Water depth, ft (h) 38 35 33 32 28
Shaft depth, ft. (s) 7 7 7 7 7
Shatft elevation, ft. (2) 31 28 26 25 21
Effective diamater, ft (Do) 5.66 5.66 5.66 5.66 5.66
Thrust coefficient (K) 0.35 0.35 0.35 0.35 0.35
Distance, ft (x) 100 150 200 300 400
Sediment size, mm (d50) 0.4 0.4 0.4 0.4 0.4
Gravitational acceleration, cm/sec2 (g) 980 980 980 980 980
Sediment density, kg/m3 (ps) 2650 2650 2650 2650 2650
Water density, kg/m3 (pw) 1022 1022 1022 1022 1022
Eflux velocity, cm/sec (Vo) 962 962 962 962 962
Axial velocity, cm/sec (Vxo) 151 101 76 50 38
Bottom velocity, cm/sec (Vx2) 34 59 58 45 36
Froude number (F) 4.34 7.45 7.37 573 4.58
Scour, ft. (S) 0.1 0.4 0.4 0.2 0.2

RV Ferry
1
8
250
26
7
19
5.66
0.35
450
0.4
980
2650
1022
962
34
33
413
0.1



